Antisera produced in rabbits to 37 rhinovirus (RV) types have been examined for antibody to the 36 corresponding heterologous types. Reciprocal neutralization was noted between RV types 2 and 49 and RV types 13 and 41. Five additional monotypic rhinoviral rabbit antisera neutralized one heterologous rhinovirus. Neutralizing antibody titers against heterologous RV serotypes were similar to those shown in the RV 1A, 1B and RV 9, 32 reciprocal cross-reactions, and would not be expected to result in false identification of serotypes. Comparison of neutralizing antibody titers and neutralizatioin rate constants in serial serum specimens of immunized rabbits showed that antibody response to the immunizing RV type and the crossreacting type followed a similar time pattern.
Antisera produced in rabbits to 37 rhinovirus (RV) types have been examined for antibody to the 36 corresponding heterologous types. Reciprocal neutralization was noted between RV types 2 and 49 and RV types 13 and 41. Five additional monotypic rhinoviral rabbit antisera neutralized one heterologous rhinovirus. Neutralizing antibody titers against heterologous RV serotypes were similar to those shown in the RV 1A, 1B and RV 9, 32 reciprocal cross-reactions, and would not be expected to result in false identification of serotypes. Comparison of neutralizing antibody titers and neutralizatioin rate constants in serial serum specimens of immunized rabbits showed that antibody response to the immunizing RV type and the crossreacting type followed a similar time pattern.
We have previously reported a relationship between rhinovirus (RV) types 9 and 32, as shown by reciprocal neutralization by antisera produced in rabbits in our laboratory. Except for the A and B subtypes of RV 1, this was the only reciprocal cross-reaction seen in rabbit antisera to 25 RV serotyp)es against the corresponding rhinoviruses, although several antisera neutralized one heterologous rhinovirus type. Examination of sera from all rabbits immunized with rhinoviruses involved in cross-reactions and extension of testiing to include 37 RV serotypes have revealed two additional reciprocal relationships: RV 2 x RV 49, and RV 13 X RV 41. Five antisera neutralized one heterologous rhiinovirus. The purpose of this report is to present data on further investigation of relationships between these rhinovirus types.
MATERIALS AND METHODS Production of antiserum in rabbits. Antisera to 30 RV serotypes were produced after the protocol previously published (5), in which pairs of rabbits were injected intramuscularly with 2 ml of immunogen mixed with Freund incomplete adjuvant initially. After 21 days, rabbits were bled and a series of graduated doses of immunogen (0.1, 0.2, 0.3, and 0.4 ml) without adjuvant were given intravenously (IV) at 3-day intervals.
Rtabbits were bled 1 week after the completion of the IV series, anid a finial injectioin of 1 ml of imnmunogen was injected IV on that day. Rabbits were bled subsequently at 1-week intervals until death, usually at the third post-immunization bleeding. Since rabbits in this initial series infrequently showed further antibody response to the final dose of immunogen, this dose was eliminated and rabbits were bled out 1 week after the final graduated IV dose or 38 days after the initial injection of immunogen.
Neutralizing antibody determination. The procedure was previously employed for titrations of human serum (11) . Flat-bottomed 96-cup microtiter plates were employed in the test (Microtest II; Falcon Plastics). Serial twofold dilutions of serum in 0.025-ml volumes were prepared in quadruplicate with microtiter loops. Twenty-five microliters of virus suspension (30-100 50% tissue culture doses [TCD50]) were added to each cup. Serum-virus mixtures were allowed to stand for 1 h at room temperature, after which 0.05 ml of HeLa cell suspension from a spinner culture, approximately 50,000 cells, was added. All diluent and suspending medium in the system consisted of Eagle minimum essential medium with 5% fetal bovine serum containing 30 mM Mg2+ plus 100 units of penicillin and 100 ;g of streptomycin per ml. Virus titrations, cell controls, and serum controls were included in each experiment.
An overlay of sterile mineral oil was used to seal the cups, and plates were incubated in a CO2 incubator at 35 C until cytopathic effects in the virus controls indicated the presence of 30 to 100 TCD50 of virus, usually on the third day of incubation. Monolayers were stained with crystal violet and examined. The 50% end point of neutralization was calculated by the method of Reed and Muench.
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IFc.IMNT RESULTS Reciprocal cross-reaction. Rabbit antirhinovirus antisera were first tested at a 1:20 dilution against 30 to 100 TCD50 of the 36 heterologous RV types. If any heterologous RV was neutralized, all available rabbit antisera to the same RV type were titrated for neutralization of the heterologous RV type. Neutralization of one heterologous rhinovirus was shown in 13 of 37 antisera tested, as shown in Table 1 . In addition to RV 1, subtypes A and B, and RV 9 and 32, previously reported (6), four types showed reciprocal neutralization. These pairs are RV 2 X 49 and RV 13 X 41. The extent of the reciprocal cross-reactions is shown in Table 2 in which neutralizing antibody titers and neutralization In most instances, a pair of rabbits injected with the same lot of immunogen showed little variation in homologous or heterologous antibody response. Response to one heterologous type of rhinovirus was elicited in all rabbits injected with seven immunogens, although variation in neutralizing antibody titer was seen. In two of the oneway crosses examined, anti-RV 11 versus RV 40 and anti-RV 36 versus RV 50, niot all the rabbits injected showed the heterologous antibody. Of five rabbits immunized with RV 11, three had neutralizing antibody against RV 40, and two of four rabbits immunized with RV 36 showed nieutralizing activity against RV 50. These results are shown in detail in Table 4 . Extreme variation in heterologous response sometimes occurred in the same pair of rabbits responding uniformly to the homologous antigen, as exemplified by homologous and heterologous titers in anti-RV 11 rabbits numnbers 347 and 348. Homologous and heterologous (RV 49) titers in three pairs of rabbits injected with RV 2 immunogen demonstrate variation in heterologous titer among three pairs of rabbits. Rabbits immunized according to the initial schedule were examined for heterologous antibody response. Results (Fig. 1) titer attained at the 38-day bleeding, is similar to that previously reported (5) for homologous response. Although the homologous titers usually remained at the maximum level at the 45-day bleeding, there was often a drop in titer in subsequent bleedings and occasionally a drop at the 45-day bleeding. Heterologous antibody was not present in the anti-RV 2 serum at 21 days; titers rose to high levels by 38 days and remained high at 45 days, whereas the neutralizing activity versus RV 2 in the anti-RV 49 serum appeared earlier (on the 21st day), rose to a peak oIn day 38, and was lower on day 45. Although heterotypic antibody continued to decay during the period of observation, detectable levels were still evident 21 days after the last injection of immunogen. by anti-RV 9 sera, and also reciprocal neutralizatioin of RV 13 and RV 41 (3, 4) . Since the nieutralizing effect in all three instances could be removed by exhaustive absorption with human liver powder, these authors concluded that the apparent neutralizing 'activity was a nonspecific reaction due to cytotoxic antibodies. It is difficult to explain why an absorption of antiserum with a nonspecific absorbent should remove specific cross-reactions. In each of the cases here and in the previous examples, 1A, 1B, and 9 and 32 (6), serological cross-reactivity is seen only with specific viruses, and as many as four sub-specificities were observed among the rhinoviruses studied in the present report. Clearly, extensive absorption of antiserum with human liver powder must have removed components which cause specific heterotypic neutralizatioin of a variety of rhinoviruses.
However, when we investigated a reciprocal cross-reaction between RV 9 and RV 32, we could show that although heterologous neutralizing antibody titers were low, a k value of 3 to 8 could be calculated, whereas values to other heterologous rhinoviruses were 0.6. In the procedure for determining k values, virus and antiserum are incubated and the mixture is sampled at various time intervals for virus concentration. If neutralization is demonstrated, the reaction obviously must have occurred in the reaction mixture and proceeds at some constant rate as shown in Fig. 2 . Furthermore, antiserum is diluted at least 1:2,000, and usually more, before plating on cell monolayers. Therefore, it is highly unlikely that anticellular antibody plays any part in neutralization of virus. There are many indicationls that minor relationships demonstrated might have arisen through antigenic variation that eventually resulted in major differences from "parent" serotypes.
Antigenic variation ill RV 22 (14) Tables  2 and 3 , and there is variation in antibody response of rabbits to the same immunogen, as illustrated in Table 4 . This variation in response is similar to that shown when a suboptimal antigenic stimulus is given to rabbits. Wheni five rabbits were immunized with a pentavalent rhinovirus antigen, the antibody response among rabbits varied greatly (unpublished data), whereas antibody response in pairs of rabbits injected with at least 107 plaque-forming units (PFU) per ml was much more uniform. The variation in response, together with the generally low level of cross-reactions, undoubtedly accounts for variations in results in different laboratories. On the other hand, the strongest evidence for the validity of the cross-reactions reported is the suggestion of relatedness between the same pairs of rhinoviruses shown in different laboratories after immunization of different animal species, although in some instances, a one-way cross was indicated in one laboratory and a reciprocal cross was detected in another (3, 7) .
The fact that four reciprocal and five one-way cross-reactions were observed in the 37 rhinoviruses studied suggests that a substantially greater number of cross-reactions will be observed among the 90 (including rhinovirus 1B) presently classified viruses (1) . There are undoubtedly caiididate rhinoviruses which will increase this number (13) . A simple comparison of the areas (372 versus 902) of the matrices of antisera and viruses suggests that perhaps six times as many crosses might be observed in the larger matrix than we have observed in our present small matrix of 37 by 37. The possible significance of these cross-reactions in immunity is presently unknown, but the knowledge of rhinoviruses involved in serological cross-reactions should permit further investigation of possible cross-reactions in human sera (7) . Production of antisera with maximum cross-reacting antibody titers might also be applied to the presently cumbersome (12) methods for serotyping RV strains.
